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The general theory of o s c i l l a t i o n s  of v i scoe la s t i c  s h e l l s  is 
Z 

described in t he  present paper. The material  of the s h e l l  is considered 

5 , 
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i s o t r o p i c ,  holnogenous, and dependent upon the  linear re la t ionship  between 

*three tensors - s t r e s ses ,  s t r e s s  ve loc i ty  and deformation velocity.  
Lyava-Kirchhoff &pothesee a r e  valid for the  she l l .  The s h e l l  is conside- 

r e d  sloping, the  s h i f t i n g  of i t 6  Guface's  median p a r t  being small. 
A system of d i f f e r e n t i a l  equations of t he  problem is obtained, It 3.8 
solved i n  the case of a c i r cu la r  cy l indr ica l  s h e l l  flown around by a srtper- 

s o e c  gas stream along its genetratr ix .  
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- 1. Visoelast ic  Sloping shells. The equilibrium equations of 

t h e  shell's s m a l l  element have the form 

Eere -YI, .V2, Ti = T2 = T ,  QI, Q2, MI, M a ,  HI = H2 = are the  s p e c i f i c  
forces  and mmnts; 
s t r e s s e s ,  respect ively along the orthogonal axes I, y, B. Rl, B;! are 

the main currature  r a a w e s .  The system of coordinates coincides with 
t he  main di rec t ions  on the  median surface. 

X, Y, Z are  the components of the external  sur face  

If (TI (2); 02 (z ) ,  -& (2) . are the  s t r e s s e s ,  we have 
_ .  - - - -  

h.3 \ 01 (z)  dz, .Vz = \ 02 (z)  dz. T = i' ~ 1 s  (2) dz, 

( 1  - / , 2  -hi2 
: ?  r z d z ,  M ? = - -  j (r.2 (2) z dz, H = ~ 1 2  (2) &. 

-A '2 -w2 
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For a l i n e a r  homogenous and i so t rop ic  K a x w e l l  medium at a 

plane s t a t e  of ~tress we have 

where %(z), E2(z)are the r e l a t ive  deformations of  the surface B = const 

along the axes x and y; y12(z) 
Ky = '!sp -!- h is the volume viscosi ty;  fb,& are the  coef f ic ien ts  of hardness: 

G is the  shift modnlc;K, = 2G ( 1  - 2.1.3 (1 - 2 ~ . ) ; /  is the  Poisson coef f ic ien t .  

The point designages the d i f f e ren t i a t ion  along the t i m e  t . A t  the  8- time 

is the  an t le  of surface's s h i f t  ( e  = con,) __ 

The Kirchhoff- Lyav hypotheses l ead  fo r  deformations t o  the 

expressions : 

SI (2) = el - m1. ez (2) - ~2 - 2x2, y12 (2) = y12 - P a t = ,  (1.6) I 

whereupon the r e l a t i v e  deformations b, and g2 % and the  s h i f t  angle y u  

of the median surface for a sloping; shell at small s h i f t s  have the f o r a  

Introducing (1.5) into (1.2)* and bearing in mind (1.6), we shall obtain 

A 
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Now, introducing i l . d i  into (l.5jv multiplying both terms of the  
expression by de, and then by edz, and in tegra t ing  the  r e s u l t  along the  

thickness of the s h e l l ,  we f i n d  

A"rom t h e  first three relations (1.71, we obtain the defommtion 

consistency e q u a t i a  

, and upon in t eg ra t i ag  i n  time, we obtain the  deformation veloci ty  cogeistency 
* * I  

e quation 

The first two equilfbrium equations (1.1) are s a t i s f i e d  by the  
e function F, at X = Y = 0,  determined as 

We now introduce the four th  and fifth equations (1.1) i n t o  the  
.Fa+ 

t h i r d ,  and s u b s > i t u t e A y ,  It2 and H t h e i r  values according t o  relations (1.8) 
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and for ITl and H2 t he i r  expressions through the force function (1.12}. 
The first three dependences (1.9) are then introduced i n t o  (loll), t ak ing  
i n t o  account (1.12). As a r e s u l t ,  we obtain 

. ... . .  

It must be understood t h a t  2 of (1.13) represents the transverse 

load introduced, which i n  case of a s h e l l  with the initial conditiDPs 

and the ac t ion  of the ex terna l  medium is . 

-.h .. 
(1,151 , 

3% % e 1  
79 2 = d3<- 6% I , $ l ~ * ~  - 2TO - -- 

UXL up ijx&, ' c, b" a + pc* 

where f is the  s p e c i f i c  d g h t  of the material  of t he  s h e l l  ; g - g r a v i t a t i o n  
acce le ra t ion ;  pc i s  the  pressure of the medium OR t he  surface of the shell. 

t i a l  equation r e l a t ed  to the def lec t ion  

- -  RWZB f ~ - o ~ H - 4 t , ~  * f~ p a ~ t ~ m e -  t o -  o~~ain-a-s ingle-di f feren-  

., 

I f  ne now introduce a new function 4 by maw of 
. ,  

the  equation (1.14) is i den t i ca l ly  sa t i s f ied ,  and (1.13) will ,&e the 
- .  . 

orm 
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2 .  Osci l la t ions  of a Cylindrical Shel l  i n  Supersonic Gas Elon. 

Let a cy l indr ica l  s h e l l  be submitted t o  an i n t e r n a l  transverse 

pressure p, while being f l o w  &ont by a supersonic gas stream from the  
outside.  We then s h a l l  have 

Here q is the complementary pressure in the  gas flow on account 

of the deflection of the s h e l l  from the  unperturbed cy l indr ica l  forla at 
o s c i l l a t i o n s ,  and i t  corresponde t o  the  theory of a s t a t i o n a r y  supersonic 
flow; U 3.8 the  ve loc i ty  of the  unperturbed flow; H = U/ c ; c is the  

ve loc i ty  of sound*ropagation i n  the unpehtrbed f l o w ;  f' i e  the  densi ty  of 
t h e  f l o w .  

Let  u8 introduoa (2.1) i n t o  the equations (1.13 - (1.14), and l e t  
us search for  the so lu t fon  of these equations in the f a n f  fsarelipglavte - ~~- ~ ___  - ___ __ ~ -__ 

- .  

3 = ~ o ~ i i - t - k X f  COS F = Foeiiut-kA) cos nq, (23) 
- -  

where I F, k are constants ; n is the namber of half-wave8 in a circular 
d i r e c t i o n ;  0 is the angular frequency of the o s c i l l a t i o n s  of the s h e l l  in 
the flow. 

The subs t i t u t ion  of ( 2 . 2 )  i n t o  (1.13) - (1.14) lead6 t o  the 
following equation for the  introduced frequency d* of o s c i l l a t i o n s  of the  

s h e l l  in the f l o w :  
- - .  . - .  

0 * ~  - &*45, --*3 (a:. - iU31) -- co*z (a= + im) -f- a* (a12 - ia11) + a02 + ia01 = 0. 
I n  a6di t ion t o  this 

- * 
3 j 2v - - v '  \ - L L  9 91 f1k 

a4 = , . - L 9  u 3 1 = - 7 - ,  3 (i -@) x ' 3K: , xz 

! 
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I The frequency introduced in (2 .3 )  is a comglex magnitude. 
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